One of the least-known aspects of the evolution of the Gulf of Mexico is the nature and location of shear zones along which the relevant continental fragments were displaced. The Sierra de Juárez mylonitic complex, located in southern Mexico, is a polyorogenic north-northwest-trending structure. Here we report U-Pb mylonitization dates of 165 ؎ 20 Ma for igneous zircon from the syntectonic San Felipe granite, and an integrated 40 Ar/
INTRODUCTION
In order to remove the continental blocks that overlapped in the Bullard fit (Bullard et al., 1965) , a number of large-scale lateral shear zones have been inferred for the early Mesozoic paleotectonic reconstructions of middle America and the Gulf of Mexico-Caribbean region. Displacements occurred in Jurassic time when Gondwana moved southward relative to North America. Three hypothetical main shear zones in Mexico with a roughly east-west trend have been proposed; in addition, a major north-south dextral megashear was first introduced by Pindell (1985) , in order to accommodate the displacement of the Yucatan block southward from the Texas-Louisiana region.
Paleomagnetic data show a southward movement of southern Mexico in Jurassic time (e.g., Morán-Zenteno et al., 1988; MolinaGarza et al., 1992) . Jurassic north-south normal faulting active in eastern Mexico during the opening of the Gulf of Mexico is defined by the stratigraphic record (e.g., Salvador, 1991; McKee et al., 1990) . In contrast, offsets along major transcurrent faults are based largely on geometry of plate tectonic models, and there is as yet no field evidence of them.
The Sierra de Juárez mylonitic complex represents one of the few places along the rim of the Gulf of Mexico where mylonitic rocks are well exposed (Fig. 1) . Here we report geochronologic and kinematic data that seem to be the first field evidence of large-scale faulting consistent with a southward displacement of the Yucatan block in Middle Jurassic time.
SIERRA DE JUÁREZ MYLONITIC COMPLEX Geologic Setting
The Sierra de Juárez mylonitic complex is a low-angle, westdipping, north-northwest-trending structure that forms the boundary between the Zapoteco and Cuicateco terranes (OrtegaGutiérrez et al., 1990 ) (Juárez suture of Sedlock et al., 1993) . It extends over a distance of 160 km and is 8 -15 km wide. The mylonite belt is unconformably overlain by Neocomian marine sediments that contain mylonite clasts (Alaniz-Alvarez et al., 1994) . Late Jurassic red beds without mylonite clasts unconformably overlie the Grenville-age Zapoteco terrane basement west of the mylonite belt.
Structural Setting
In the studied area, two superimposed subparallel mylonitic foliations and a group of semibrittle structures record two main events of mylonitic deformation (D1 and D2) followed by a D3 deformation event in the brittle-ductile transition zone. Along the Sierra de Juárez mylonitic complex the foliation strikes north-northwest, and dips to the west at the western edge and to the east at the eastern edge. The Cenozoic Oaxaca and Donaji normal faults form the western and southern boundaries of the Sierra de Juárez mylonitic complex, in both cases with basement rocks of the Zapoteco terrane exposed in the hanging wall (Fig. 1 ). These faults reactivated the contact between the mylonitic belt and the Zapoteco terrane during a D4 event (Nieto-Samaniego et al., 1995) . However, neither D1 nor D4 events are related to the opening of the Gulf of Mexico, and are not discussed here in detail.
Kinematics
It is clear from our field observations that the main regional structure developed during D1, and that the D2 and D3 events reactivated that megastructure and overprinted its meso-and microscale structures.
D1 is related to a major eastward thrust (Alaniz-Alvarez et al., 1994) forming the S1 foliation. D2 formed a S2 foliation statistically oriented parallel to S1, but at outcrop scale S2 and S1 can be differentiated in many cases. Stretching lineations measured independently on S1 or S2 surfaces are invariably subhorizontal and trend north-south nearly parallel to the mylonite belt trend (Fig. 1 ). This is a strong indication that D2 had a subhorizontal direction of movement.
In an attempt to obtain the D2 sense of shear, we examined kinematic indicators (Simpson and Schmid, 1983) . Some feldspar and amphibole formed and ␦ porphyroclasts with curved tails. Some are completely recrystallized or have an irregular shape. The complex geometry of most of the porphyroclast tails is probably due to the superposition of the D2-related recrystallization (Fig. 2) , resulting in irregular porphyroclasts, which are unreliable as kinematic indicators. The shear sense deduced from these structures in the mylonites is ambiguous.
D3 is an extensional event recorded by S-C surfaces and bookshelf sliding structures, which indicate multiple senses of movement. C surfaces reactivated S2. Their semibrittle behavior and their location near the Oaxaca and Donaji faults strongly suggest that these structures formed during the early exhumation of the mylonite belt.
If we assume that the shear-zone boundaries are subparallel to the foliation, the multiple orientations of the foliations measured in the field can be explained by a bending (bowing up) of the mylonite belt along an axis parallel to its trend (Fig. 2 ). In this model for the structural geometry we show that bending did not produce penetrative lineation. L2 was originally horizontal and the rotation produced during bending occurred along an axis parallel to the Sierra de Juárez mylonitic complex trend. This axis was slightly folded, changing the foliation attitude in the core of the mylonite belt but not affecting the L2 trend.
GEOCHRONOLOGY
The age of the strike-slip displacement was obtained by dating minerals formed during D2. Zircon and monazite U-Pb dates were determined for the D2 syntectonic San Felipe granite (sample SFG), and an 40 Ar/ 39 Ar date was obtained for D2 syntectonic muscovite from a deformed granitic strip (sample J-11). In addition, zircon U-Pb dates were determined for a second D2 pretectonic granitic strip (sample SFD). All analyses were performed at the Ottawa geochronology laboratory of the Geological Survey of Canada. Analytical procedures were summarized in Parrish et al. (1987) .
San Felipe Granite
Fabric elements in the San Felipe granite suggest that it was emplaced during D2: (1) it has only one foliation, (2) it contains mylonite xenoliths, (3) its intrusive contact lacks chilled borders, (4) it is heterogeneously deformed, and (5) the granite is elongated parallel to the foliation.
The analytical results for the San Felipe granite are shown in Table 1 and Figure 3A . Linear regression of the discordant zircon data using a modified York (1969) method (see discussion in Parrish et al., 1987) gives a 165 Ϯ 20 Ma lower intercept. The two monazite fractions yield a poorly constrained upper intercept of 163 ϩ42/Ϫ13 Ma (inset, Fig. 3A) . The considerable discordance of the four zircon fractions is due to inherited late Middle Proterozoic radiogenic Pb (1056 Ϯ 80 Ma), indicating that the San Felipe granite interacted with or was derived from Grenville-age crust. The monazite discordance is due to postemplacement Pb loss, to which the scatter in the zircon data about discordia can also be attributed. Although the combination of Pb loss and inheritance has resulted in relatively large intercept errors, the results indicate that the San Felipe granite is almost certainly a Middle Jurassic intrusion. Its emplacement age is here interpreted as ca. 165 Ma.
Granitic Strips
The granitic strips are fine-to medium-grained bodies that occur as tectonic sills and boudins up to 50 cm wide in strongly foliated amphibolite facies mylonites hosting the San Felipe granite.
The upper intercept of sample SFD (Table 1 , Fig. 3B ) indicates that the granitic strips are Grenvillian (late Middle Proterozoic) in age. This implies that the enclosing country rocks probably belong to the Zapoteco terrane. The discordia line has a poorly delimited lower intercept of 800 ϩ70/Ϫ160 Ma; the geologic significance of this intercept is unclear.
Sample J-11 is coarse-grained muscovite (ϳ2 cm across) collected from a foliated granitic strip with visible L2. A three-step 40 Ar/ 39 Ar heating technique was used to date the muscovite, with the temperature of the first step selected to liberate most of the atmospheric Ar. The radiogenic Ar was released in the next steps in ϳ50% increments. The ages of the three Ar fractions (Table 1) Ar age of 169.3 Ϯ 1.7 Ma; it is unlikely that there has been a disturbance in the K-Ar system following this time.
DISCUSSION AND CONCLUSIONS
The stratigraphic, structural, geochronological, and kinematic analysis of the Sierra de Juárez mylonitic complex presented here shows that this shear zone moved with lateral displacement at ϳ165 Ma; unfortunately, the sense of shear remains unknown. In addition, roughly between 165 and 140 Ma 15 km of uplift had to occur in order to expose the mylonites to erosion for the first time.
Models of the Gulf of Mexico evolution show that by 180 Ma (Bajocian) the Yucatan block had already started to move south along north-south-trending shear zones (e.g., Pindell, 1985; Schouten and Klitgord, 1994) . The transform system remained in motion throughout the Jurassic and reached its full lateral extent by earliest Cretaceous. The Mojave-Sonora megashear simultaneously acted as a left-lateral transform system (Anderson and Schmidt, 1983) . The 163-169 Ma age obtained for the lateral movement at the Sierra de Juárez mylonitic complex coincides with the opening of the Gulf of Mexico and roughly with the time when the Mojave-Sonora megashear moved in northern Mexico. It is easy to infer possible genetic links between the timing and kinematics of the Sierra de Juárez mylonitic complex and those major tectonic events related to the breakup of Pangea and the opening of the Gulf of Mexico. Sedlock et al. (1993) placed a transtensional shear zone along the western side of Chiapas Massif approximately at the location of the Sierra de Juárez mylonitic complex during Jurassic time; however, in their reconstruction the relation between the transtensional shear zone and Juárez suture is unclear.
The long history of deformation of the Sierra de Juárez mylo-nitic complex reveals that a major north-northwest crustal-scale discontinuity was episodically reactivated during the main tectonic events that affected southern Mexico. We propose that the reactivation of north-northwest-trending preexisting structures accommodated the deformation imposed by the opening of the Gulf of Mexico. The strike-slip reactivation along other yet unrecognized low-angle shear zones probably allowed the total displacement of the Yucatan block. From the data and discussion presented here, we conclude the following. (1) Two ductile events, D1 and D2, acted along the Sierra de Juárez mylonitic complex (Fig. 2) . (2) D2 took place with a major strike-slip component during the Middle Jurassic, reactivating an ancient thrust formed during D1. (3) D3 was an extensional event that took place later in the Mesozoic during uplift of the mylonite belt. (4) The analytical results for samples SFG and J-11 provide the first constraints on the timing of strike-slip movement along the Sierra de Juárez mylonitic complex; they show that D2 was completed during the 163-169 Ma interval. The results for sample SFD suggest that the mylonitic country rocks are part of the Grenvillian Zapoteco terrane basement. (5) Our data suggest that the Jurassic displacement of the Yucatan block relative to North America was accommodated partially along the Sierra de Juárez mylonitic complex, first southward as revealed by the right(?)-lateral displacement and then eastward, as implied by the normal movement.
